Introduction
Parenteral nutrition mixtures for the pediatric population are performed at the hospital pharmacy to cover specific nutritional needs of patients. These bags are an alternative when marketed products are inadequate. Parenteral nutrition (PN) bags are complex mixtures, with a high risk of microbiological contamination, which may cause infection, and can lead to death in rare cases. For this reason, the preparation of the mixtures is carried out under a hood with a horizontal laminar airflow in a class "A" [1] particulate dust contamination cleanroom, where PN bags are compounded with an automated compounding system (Baxter ® ). This hood is located in an immediate environment of class "B" in a controlled atmosphere area (CAA) [2] . Working in this area ensures no contamination during manufacturing.
However there are multiple potential sources of contamination to parenteral nutrition mixtures, including staff, environment and equipment [3] . Raw materials vials carry particles and germs too. In our hospital, a specific disinfection protocol is performed on vials before their transfer from the unclassified area into the grade A working zone.
Several products are used in a three steps protocol to avoid contamination [4] : prewash with Aniosurf premium ® , a mixture of quaternary ammonium and biguanide, followed by disinfection with ethanol by immersion, and at last aerosolization with Aseptanios terminal HPH ® , a mixture of formaldehyde and alcohol. Quality controls are performed to control environmental contamination and sterility of the preparations.
In 2014, two sterility tests revealed contaminations of PN bags by Paenibacillus glucanolyticus and Bacillus maroccanus. Bacillus is naturally found in soil and vegetation and has the specific ability to form a protective dormant endospore. This endospore becomes resistant to environmental factors such as heat, desiccation, radiation and chemical insult (disinfectants). The source of contamination is not known and causes are multiple: staff, environment, equipment etc. In French recommendations, the objectives are less than 1 UFC/plate (55 mm diameter) at the time of vial transfer for class of particulate dust contamination "A" [2] . But there is no information for which product to use for disinfection and no specified indicator germs. Hypothesis of material was privileged. Staff were instructed to strengthen hand washing practices and be sure that correct preparation practices are followed. Finally, the disinfection protocol was evaluated.
This contamination highlights the failure of our disinfection protocol against this type of germs, despite an operating mode with three steps including spray and wipe. For this reason we decided to test new protocols including a disinfectant with sporicidal activity (sodium hypochlorite and hydrogen peroxide by spray and immersion) instead of ethanol use. Ethanol is a disinfectant whose sporicidal activity is not demonstrated.
The main objective of this study is to compare several disinfection protocols including disinfectant whose sporicidal efficacy is proven. The second objective is to compare application techniques for the process of disinfection.
Materials and methods
The different steps of the disinfection protocol are: prewash, disinfection and aerosolization. Composition and norm of products used at different steps of the protocol are shown on Table 1 [5] [6] [7] [8] .
Prewash
Prewash step took place in unclassified area. During this first step, prewash was completed with Aniosurf premium ® a mixture of quaternary ammonium and biguanides. Vials were immersed for 5 minutes then wiped.
Disinfection step
This disinfection step occurred in a class D "wash room". Five different protocols were tested by varying the disinfection step: - Recommendations of the manufacturer concerning the use of the disinfectants and especially the contact time were followed. Contact times were different depending on the 
Aerosolization
Aerosolization took place in class B airlock room. Vials were stored on a shelf and underwent aerosolization process by Aseptanios terminal HPH ® for 1 hour at night.
The efficacy of the 5 protocols was evaluated by measuring the microbiological contamination.
Sampling
For each disinfection protocol, 40 glass vials of one liter of water were used: 10 were sampled before decontamination process to measure initial contamination, 10 others vials were sampled after prewash, 10 after disinfection step and 10 last vials after aerosolization. Each protocol was tested twice except for sodium hypochlorite protocols.
Each vial was sampled using one plate of CountTact ® 3P TM Agar (65 mm diameter, Biomérieux) containing trypticase-soy medium, allowing the enumeration of bacteria, yeasts and fungi. These agars contained neutralizing agents against commonly used disinfectants. The sampling was done on the entire surface of the vial (bottom, label … ) by applying the agar for 10 seconds. All the samples were obtained by the same operator in order to have the most consistent method of sampling.
Detection and enumeration
The agars were incubated for 3 days at 30°C, and subsequently for 7 days at room temperature. The enumeration of colonies present on agar was carried on day1, day3, day6 and day10. An identification of colonies was done.
We did not use indicator germs because this study was conducted in real production conditions. It was not permitted to have germs in this cleanroom area.
Atmosphere contamination by hydrogen peroxide
Atmospheric rate of H 2 O 2 was tested by Dräger-tube ® (Dräger, France) to measure toxic vapors in the workplace of the staff in 2 different conditions: immersion and spray. Dräger-tube ® detector with specific limit detection from 0.2 to 2 ppm [9] was used to ensure that maximum individual exposure is respected (less than 1 ppm) [10] .
Results
At the control step, before disinfection, 59 vials presented microbiological contamination (75 %). Among the identified colonies, vials were colonized by many environmental microorganisms including Staphylococcus sp (8 %), filamentous fungi (12 %), Micrococcus luteus (34 %), Bacillus sp (30 %) and other (16 %). At prewash step, germs were found, but less frequently than the control step (n = 22). Filamentous fungi, Micrococcus luteus, Staphylococcus sp, Bacillus sp, Paenibacillus sp, Penicillum, Rhodococcus erythropolis, Acinetobacter sp and Arthrobacter sp were identified.
The disinfection step was the point studied using 3 different products. Disinfection using ethanol showed 4 contact plates with Staphylococcus sp (n = 1), Paenibacillus sp (n = 1), and Bacillus sp (n = 2). However with sodium hypochlorite or hydrogen peroxide no microbiological contamination was observed. Protocols with sodium hypochlorite were used only once because we had difficulties in use (surface discoloration, unpleasant odor even with the wearing of a face mask). We worked in real conditions and it was decided to not test sodium hypochlorite twice to avoid damaging equipment and to protect staff. Table 2 : Percentage of vials contaminated at the different steps of the disinfection protocol.
Disinfection step Product disinfection
Control n (%) Prewash n (%) Disinfection n (%) Aerosolization n (%)
After the aerosolization step, the results were similar to those found at the disinfection step (Table 2) . No germs were found when using sodium hypochlorite or hydrogen peroxide at the disinfection step. It was not the case with ethanol (n = 2). Staphylococcus sp and Micrococcus luteus were identified on contact plate.
Using Dräger-tube ® for short term measurement of H 2 O 2 didn't show toxic concentration in the workplace. The values found by immersion and spray were respectively 0.2 ppm and 0.8 ppm, these values are below the recommended value level from the French national institute of research and security (1 ppm) [10] . Dosage of sodium hypochlorite by Dräger-tube ® was not measured because this product was not possible to use every day. The surface discoloration and odor present with use of sodium hypochlorite are two unacceptable points for the staff.
Discussion
Contamination of parenteral nutrition during the process itself is not permitted, however contamination of parenteral nutrition bags by environmental germs has been described in the literature [11] [12] [13] . Recent contaminations in France in 2013 associated with death of newborns remind pharmacists that preparing a parenteral feed is complex [14] . There are many sources of contamination of parenteral nutrition bags: staff, environment, and equipment. Risks must be known and the main objective for pharmacists is to secure this activity. Some sources of contamination can be controlled to secure the compounding of these preparations. The risk reduction requires trained staff, aseptic technique, adequate environment and adequate disinfectant product [15, 16] . The revised version of United States Pharmacopeia Chapter 797 about pharmaceutical compounding -sterile preparations describes procedures to secure activity and minimize the risk of contamination of PN bags [17] . For its part, American Society of Health System Pharmacists made guidelines for safe handling of hazardous drugs [18] .
In our hospital, staff compounding in PN has been trained. Their competences in aseptic practices are verified by media-fill tests. This is important because mastering the aseptic technique is more important than the environment in which the PN are compounded in minimizing risk of microbial contamination of PN bags [19] .
For disinfectant, the United Kingdom recommends that "Before transfer to the manufacturing room, a sanitisation step using a spray and wipe technique including a sporicidal agent designed to inactivate bacterial and fungal spores must be carried out" [20] . However, the perfect disinfectant with a strong virucidal, bactericidal, sporicidal and fungicidal activity doesn't exist. In our hospital there has been recent contamination of parenteral nutrition bags with spore-forming bacteria. For this reason, we have integrated a disinfectant with strong sporicidal activity in our disinfection protocol instead of ethanol. Although working conditions didn't change during the study, halogen-releasing agents such as sodium hypochlorite or peroxygens like hydrogen peroxide have shown a good efficacy associated with no bacterial growth. Results with alcohol were predictable because of its non-sporicidal activity, the bacterial spore of Bacillus remains on vial even after the last disinfection. In this case, the combination of disinfectants used in our protocol was ineffective. Each hospital pharmacy is free to use the disinfectant of his choice. The simple fact of using disinfectant does not mean that no germs will be found, it was well observed in this study. Every pharmacist should verify disinfection is correctly done in their establishment.
The sporicidal activity of disinfectant was our primary endpoint but compatibility in workplace is an important point to consider too. Surface discoloration caused by sodium hypochlorite use was observed and its use was also associated with an unpleasant odor even with the wearing of a face mask. Unfortunately, real time monitoring of sodium hypochlorite in air concentration wasn't realized. For this reason, we decided to avoid sodium hypochlorite use routinely. Hydrogen peroxide (used in spray or by immersion) measured in air was compatible with French national recommendation. However, spray form was associated with some respiratory discomfort even with the acceptable air concentration.
The selected disinfection protocol includes the association of Aniosurf premium ® wipe, hydrogen peroxide wipe and formaldehyde aerosolization. Formaldehyde aerosolization is used at night to minimalize personal exposure. Use of formaldehyde is very controversial and we are aware of it. This product has long been used but recommendations evolve and require the substitution of formaldehyde if is technically possible. However, a switch from formaldehyde to hydrogen peroxide is expected, but will require modification of our unit. Currently, it is necessary and indispensable to maintain the third step of the disinfection protocol with aerosolization in our unit for material that cannot be disinfected like paper packaging of sterile devices.
Conclusion
The argument of choice takes into account: efficacy, toxicity and ease of use for staff. The selected product is hydrogen peroxide by immersion. Furthermore, this study has permitted to validate the use and the effectiveness of these disinfecting products. In order to best implement this protocol, staff training is necessary, and an audit in actual use can be performed to verify our results and evaluate the correct application of this new protocol.
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